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Abstract 
In the current Vietnamese urban, there are existences of two close at-grade intersections, which are defined as double-
intersections. Traffic congestion at these intersections occurs frequently, especially in rush hours. The most considered concern is 
the short distance between two junctions, which makes the confliction to the mixed flow in this space. This paper presents two 
methods for designing signalized double-intersections and their application for a case study of Lang - Lang Ha - Le Van Luong - 
Nguyen Ngoc Vu double-intersections. Based on acceptable results, the methods can be potentially implemented for double-
intersection design in the large scale in Vietnam, especially, in the places where modern software is not used widely for 
designing intersections. 
© 2016 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Double-intersections can be defined as two at-grade junctions with the short distance between them. This can be 
either considered as two separated junctions (the outer and inner traffic flows might cause some conflictions to each 
other) or treated as a typical junction (see Fig. 1a). Some kinds of double-intersections can be called as follows: 
x The at-grade intersections between priority and non-priority roads have a wide median. This type of intersections 
has a non-priority road section in the middle to connect priority road at the two sides of the median [2].  
x Two junctions are close to the both banks of a river (see Fig. 1b).  
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x In urban areas, if a new road is built, which is parallel and close to an approach of the existing junction, the 
double-intersections will be made. 
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Fig. 1. (a) An example of double-intersection; (b) Plan of Lang-Lang Ha-Le Van Luong-Nguyen Ngoc Vu double-intersection. 
 
Double-intersections are popular in Vietnamese urban, which have some following common negative features: 
x High traffic volume, the main component includes mostly motorbikes and cars. As a result, traffic jam might 
occur more frequently in rush hours.  
x A large number of traffic flows (including ahead, left-turn, right-turn and U-turn vehicles) are much higher than 
the typical junction. 
x Drivers might not follow regulations. For instance, encroaching lane phenomenon. 
Hence, designing optimal signals for double-intersection seems to be appropriate for solving the problems above. 
Thus, this paper proposes two methods for designing signalised double-intersections. Lang - Lang Ha - Le Van 
Luong - Nguyen Ngoc Vu double-intersection is a good case in this study. The traffic flows at these junctions were 
collected in a rush hour on a working day. Afterward, the signal timing calculation and evaluation are presented. 
2. Literature review  
2.1. Design a typical signalized intersection  
The process of designing signals for one typical single intersection was presented in several studies [3,5,6]. After 
the process, optimal cycle time, minimum cycle time and green splits are determined. Subsequently, Delay, Level of 
Service and Back of Queue are calculated and analysed.  
2.2.  Design linked traffic signals for maximum capacity  
The method for calculating linked traffic signals for maximum capacity was introduced with three following 
assumptions [1]: 
x The cycle at the upstream and the downstream must be homogeneous. 
x The mixed flows of turning and non-turning vehicles must be a homogeneous of the flows crossing the stop lines 
which ensure the similar pattern in every cycle. 
x The downstream green time should obey requirement of discharging vehicles arriving in each cycle. 
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Establishing a range of possible values for offset between two junctions is the key point in the case of ignorance 
of all other offsets. An offset is defined here as the time lag from the onset of the upstream green to that at the next 
downstream junction, whilst the same platoon crosses the stop line. The differs from the normal description in that 
the offset is relative to a platoon of vehicles; on the other hand, the platoon can be discharged by the downstream 
either before or after the vehicles that have turned onto the link, which is depended on whether a maximum or a 
minimum offset is to be established [1].  
 
The offset must obey two objectives [1]: 
x It must ensure that, there is a queue (≥ 0 vehicles) to keep the flow in constant at any time when the lights are 
green at the downstream junction. 
x It must make sure that the link street is not full up. In order to provide accommodation for vehicles leaving the 
upstream junction there should be an adequate space. The second objective requires that the offset must not be 
too long. Whilst the first require is in effect, that must not be too short. 
Fig. 2 and Fig. 3 express the existence of a queue at the onset of the green at the downstream intersection. The 
queue in Fig. 2 is of the minimum length, whilst that in Fig. 3 is the maximum.  
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Fig. 2. Diagram of minimum offset calculation [1]. 
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Fig. 3. Diagram of maximum offset calculation [1]. 
3. Methodology 
This paper proposes two methods for signals design of double-intersection including: 
x Design a double-intersection as a typical junction. 
x Design and coordinate the two intersections to achieve maximum capacity. 
3.1.  Typical intersection design 
Double-intersection design is reputedly one typical intersection within 26 flows and 4 U-turn flows. In order to 
decrease the design complexity, it suggested that should ignore two U-left-turning-platoon and the pedestrians phase. 
Arranging stages should be actually depended on the actual condition. However it is not necessary to arrange more 
than 4 stages and the cycle time is no more than 120 secs [5]. Depending on the actual condition and the number of 
flows, each stage might be designed for specific flows. This study will introduce one alternative of staging shown in 
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Fig. 4. A parameter, which is inter-green time, needs to be concerned in this case. Additionally, the determination of 
inter-green timings is indicated in Table 1 [3].  
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Fig. 4. Staging diagram for double-intersections (a) Stage 1; (b) Stage 2; (c) Stage 3; (d) Stage 4. 
      Table 1. Determination of inter-green turning in England, quoted from Department of Transport [3]. 
 
Ahead 
Distance ‘x” (m) 0 10-18 19-27 28-36 37-46 47-54 55-64 65-74 
Inter-green period (s) 5 6 7 8 9 10 11 12 
Turning 
Distance ‘x” (m) 9 10-13 14-20 21-27 28-34 35-40 41-45 46-50 
Inter-green period (s) 5 6 7 8 9 10 11 12 
Note: When east-west arms are losing right of way, if AF-BF > CH-DH, then ‘x’ = AF-BF (or vice 
versa). For north-south arms, if DE-AE > BG – CG, the ‘x’ = DE-AE ( or vice versa ) 
 
3.2.  Designing a signalized double-intersection for maximum capacity 
The processing design includes the following steps below: 
x First step: Determine optimal cycle time and minimum cycle time for the first intersection (Co,1; Cmin,1) and the 
second intersection (Co,2; Cmin,2) individually according to actual flows. Then evaluate the Level of Service for 
each intersection. 
x Second step: Calculate a same cycle time (C0) for both intersections, minimum offset and maximum offset 
according to the algorithmic diagram (see Fig. 5). 
 
 Minimum offset calculation 
 
The value of xmin is expressed through the formula below [1]:  
xmin = g1 + y – t2   (1) 
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Where:   g1: is the effective length of the green phase at the first junction, in seconds. 
y: is the journey time of the tail end of the platoon, in secs, over the distance (L-n2d). Vehicle speed at 
the intersection was chosen as 20km/h in this calculation [4]. 
d: is the mean distance headway between stationary vehicles in the queue. The value was chosen for this 
study as 6 m [4]. 
n2: is the number of vehicles to be released from the queue in each green phase. 
t2: is an allowance for the time lag from the onset of the green to the movement of successive vehicles 
waiting in stationary queues. In the study, t2 value is determined based on actual survey data. 
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Fig. 5. The algorithmic diagram of cycle time calculation.   
 
 Maximum offset calculation. 
 
In the paper, the maximum offset is used for the tail end of the platoon (ensuring non-stop within the next 
intersection). The maximum offset is calculated by following formula [1]: 
   22max N.tNcDNnDd
L
x                                                                                                                     (2)  
Where:  L is the distance between both intersections; c is the same cycle time for both intersections. 
             N is the number of complete platoons for which space is available on the link; this is an integer number 
obtained by dividing L by n2d and rounding off downwards. 
             d; n2; t2: see Formula 1.   
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Where:  p1 is the proportion of non-turning traffic on the green phase at the first junction, and s1 is the saturation 
flow at the stop line at the first junction, in vehicles/hr. 
 
Since then, make sure that the stationary queue is in the space between two junctions (in application of all lanes 
for each direction). 
Minimum offset: L ≥ n2d                                                                                                                                     (4)                     
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Maximum offset: L ≥ Nn2d                                                                                                                                  (5) 
x Third step: Select the value of the offset which is between minimum offset and maximum offset.  
4. Case Study 
Lang-Lang Ha-Le Van Luong-Nguyen Ngoc Vu double-intersection, located in Hanoi (Fig. 1b), is chosen for this 
study because of following reasons: (i) Hoa Muc Bridge spans To Lich River with 37.5 m length; (ii) Traffic 
congestion occurs regularly in rush hours in the morning and the afternoon although these intersections are being 
controlled by signals; and (iii) These intersections can be a typical one of several double-intersections in Hanoi, 
where parallel roads were built in both banks of many rivers. 
4.1.  Data collection 
Surveyors investigated the 26 flows and 2 right-U-turn flows which ran over these intersections from 17:00-18:00 
on Monday, 31st August 2015, directly in-site and indirectly through camera. Some of the flows which cannot be 
counted at the site were enumerated indoor. On the other hand, “t2” value was also surveyed in this period. 
 
Raw data were converted to directional design hourly volume (DDHV) in accordance with pcu coefficient, which 
was chosen with the speed of 20 km/h (see Table 2). Indeed, the applicable speed into intersection should not be 
greater than 0.7 times the design speed at the link and not less than 15 km/h [4]. In addition, using SPSS program, 
“t2” value was estimated as 6.5 secs. 
 
There are some limitations in data collection procedure: 
x The first drawback is accuracy in counting 28 flows which to be caused by the actual geometric conditions and 
the signal systems.  
x The second one is the number of samples; it is only able to survey once in a working day. 
Table 2. Directional design hourly volume for 26 flows and 2 right-U-turn flows at Lang-Lang Ha-Le Van Luong-Nguyen 
Ngoc Vu intersections. 
No. Flow DDHV (pcu/h) No. Flow DDHV (pcu/h) No. Flow DDHV (pcu/h) 
1 1→4 135 11 4→1 145 20 6→8 92 
2 1→2 1069 12 4→6 22 21 6→5 442 
3 1→6 43 13 4→8 53 22 6→4 49 
4 1→8 313 14 4→5 177 23 6→1 48 
5 2→1 798 15 5→6 135 24 8→5 296 
6 2→4 203 16 5→8 92 25 8→6 77 
7 2→8 54 17 5→4 20 26 8→4 112 
8 2→5 201 18 5→2 14 27 8→2 79 
9 2→6 29 19 5→1 29 28 8→1 169 
10 4→2 484    
4.2.  Results for method 1  
The intersection was designed with four stages, with the ignorance of pedestrian stage and 2 left-U-turn vehicles 
(in Section 3.1); and the chosen cycle time is 120 secs. In fact, the pedestrian overpass was set so this solution might 
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be practical. The results show that all of approaches are operated at acceptable level of service of C and D (in Table 
3). Hence, the results can be sensible. The limitation is to ignore of pedestrian stage and  2 left-U-turn-flows. 
                Table 3. Signal timing evaluation for method 1. 
Stage Direction Delay estimation (secs) Stationary queue length (pcu) Level of Service 
1 
4→6 +4→8 +4→2 54 17 D 
8→1 +8→4 +8→5 54 18 D 
2 
4→1 +4→5 51 9 D 
5→2 45 1 D 
8→6 +8→2 51 4 D 
2→5 53 6 D 
3 
1→4 +1→2 44 28 D 
5→1 +5→6 30 3 C 
2→6 +2→1 32 17 C 
6→8 +6→5 41 12 D 
4 
1→6 +1→8 52 10 D 
5→7 48 3 D 
6→4 +6→1 48 3 D 
2→4 53 6 D 
4.3.  Results for method 2 
Designing 3 stages for each junction, optimal and minimum cycle time for intersection I are 98 secs and 48 secs 
respectively. The numbers for intersection II are 98 secs and 47 secs. The chosen cycle time for two both 
intersections is 80 secs (see Step 2 in section 3.2). Table 4 summarises the results of method 2. 
                           Table 4. Signal timing evaluation for method 2. 
Intersection I 
Stage Direction Delay estimation (s) Stationary queue length (pcu) Level of Service 
1 
4→3 + 4→1 34 8 C 
3→4 +3→2 +3→1 33 11 C 
2 1→2 +1→3 +1→4 21 20 C 
3 2→1 +2→4 +2→3 26 19 C 
Intersection II 
Stage Direction Delay estimation (s) Stationary queue length (pcu) Level of Service 
1 8→5 +8→7 +8→6 32 13 C 
2 7→6 +7→5 +7→8 34 18 C 
3 
5→8 +5→6 +5→7 30 5 C 
6→7 +6→5 +6→8 19 7 B 
 
The results show that all of approaches are operated at acceptable Level of Service of B and C. The specific 
values of minimum offset and maximum offset are determined for two directions (see Table 5). 
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              Table 5. Results of minimum offset and maximum offset calculation. 
 Direction from intersection I to intersection II Direction from intersection II to intersection I 
Minimum offset (sec) 7 11 
Check Formula 4 L = 37.5 m > 36 m (acceptable) L = 37.5 m > 24 m  (acceptable) 
Maximum offset (sec) 44 72 
Check Formula 5 L = 37.5 m > 36 m (acceptable) L = 37.5 m > 24 m (acceptable) 
 
With these acceptable results, the offset values for each direction were selected in the range between minimum 
offset and maximum offset value above. Table 3 and Table 4 show that the result of method 2 seems to be better than 
method 1 for this case study. Hence, method 2 should be considered to apply for upgrading Lang - Lang Ha - Le Van 
Luong - Nguyen Ngoc Vu double-intersection in reality. 
5. Conclusion and recommendation 
5.1. Conclusion  
The research has lead to the following key findings: 
 
(1) The study proposed two methods of designing signals for double-intersection as follows: 
x A signalised double-intersection is designed as a typical signalised junction. The inter-green time is selected 
proportionally to the length between two intersections and the cycle time should be not greater than 120 secs. 
x Designing linked traffic signals for maximum capacity, and minimum offset and maximum offset are calculated. 
Since then, the cycle time for both intersections is set and appropriate offset is selected between minimum offset 
and maximum offset. 
(2) These two methods were applied for the case of Lang - Lang Ha - Le Van Luong - Nguyen Ngoc Vu junction. 
The results might be accurate enough. Since then, these methods may be applied for double-intersection design in 
Vietnamese cities, where the junctions have characteristics mentioned in Section 1, as well as modelling software 
can be not used commonly for designing intersections. 
5.2. Recommendation for signalised double-intersection design 
x The accuracy of the data collection procedure needs to be improved. 
x Right-turn lanes should be designed separately and overpass or tunnel should be built for pedestrians.  
x These two calculation methods are suggested to be accompanied with modern software. 
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